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(g) Sheet variable corrugating and feeding nip. 

(5?) A sheet feeding and corrugating system, 
especially for output of image substrate sheets 
(12,16) of a reproduction apparatus, wherein 
the sheets are fed in a normal path through a 
sheet feeding nip comprising plural spaced 
sheet feeding rollers (22). Both feeding and 
variable corrugating of flimsy or stiff sheets is 
provided by spherical balls (24) freely mounted 
in generally vertical ball retainers (26) providing 
for vertical movement and dual axis rotation 
against the sheet feeding rollers to define the 
sheet feeding nip and by additional similar balls 
(30) (in additional similar ball retainers (31)) 
intermediately of the feed rollers, which ad- 
ditional balls are unsupported vertically except 
by bottom-of-travei retainers (32) so that these 
additional intermediate balls roll gravity-loaded 
against a sheet being fed through the nip to 
provide sheet corrugation varying automatically 
with the stiffness of the sheet, and are freely 
Irftable up to the level of the nip by stiff sheets 
resisting corrugation. These balls may be rea- 
dily added to or removed to independently in- 
crease or decrease the sheet nip and/or 
corrugation forces at their respective locations 
transverse the nip. A sheet side shifting 
mechanism (42) can laterally offset the sheets in 
the same nip to eject offset, by moving only the 
sheet feeding rollers, without resistance from 
the stationarily mounted balls, all of which roll 
freely laterally as well in the normal feeding 
direction. 
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The present invention relates to systems for 
sheet feeding, especially sheets of varying proper- 
ties, including transparencies. 

Proper and dependable sheet feeding is critical to 
dependable electrostatographic, ink jet or other re- 5 
producing machines, and more particularly, to the im- 
aged copy sheets outputted by copiers and printers. 

A particular problem with many prior types of 
sheet feeding exit configurations is that they do not 
provide effective corrugation of the sheet as it exits. 10 
While normal paper exits cleanly without corrugation, 
transparencies or very thin (e.g. Japanese) paper, 
having a much lower beam strength, do not always 
exit completely or stack properly. 

There is disclosed herein a low cost and simple 15 
system for improved sheet feeding in which a desir- 
able sheet corrugation for beam strength sheet feed- 
ing assistance desirably automatically varies with 
sheet stiffness. Yet, the system disclosed herein also 
accommodates contemporaneous sheet lateral re- 20 
alignment in the same apparatus. Another disclosed 
feature is the provision of simple changing of either 
the sheet feeding normal force or the sheet corrugat- 
ing normal force. 

Various types of corrugating sheet feeders are 25 
known in the art, including various patent disclosures. 
Noted merely as some examples are those in U.S. 
5,153,663, particularly disclosing conformable (de- 
formable) rollers for variable sheet corrugation, and 
other art cited therein. An additional reference noted 30 
re variable sheet corrugation [in that case, varying 
with the document tray setting for document size], is 
the Fuji Xerox Corporation version of the Xerox Cor- 
poration "1075" recirculating document handler 
[RDH] as shown and described in U.S. 4,469,319. 35 
Corrugation by the same, fixed amount of all of the 
output sheets, including transparencies, per se, with 
idler rollers, etc., is used in various copier products, 
but not, it is believed, in combination with lateral sheet 
movement for offsetting. 40 

As to background re other art, ball-on- belt sheet 
transports allowing (planar) sheet lateral or side shift 
or rotation are known in the art for certain types of 
copy sheet output or other transports, e.g., U.S. pa- 
tents 5,145,168 issued September, 4,733,857; and 45 
3,861,673 [note the balls-on- balls 22 of this 
3,861,673 sheet rotator transport, as in Fig. 4}. Also 
noted is U.S. 5,145,168. 

Especially as xerographic and other copiers and 
printers increase in speed, and become more auto- 50 
matic, it is increasingly important to provide higher 
speed yet more reliable and more automatic handling 
of the copy sheets. It is desirable to reliably feed and 
accurately register sheets of a variety or mixture of si- 
zes, types, weights, materials, conditions and sus- 55 
ceptibility to damage. Smearable ink jet printer ink, 
fuser oil or other materials thereon susceptible of 
smearing or contamination of other documents by the 


feeding process is also a problem. The images on 
sheets, and/or their fusing, especially in duplex (two 
sided) printing or color (plural toner layer) printing, 
can change the sheet shape, curl, or other feeding 
characteristics. Also, the images themselves may be 
subject to damage in feeding if not properly handled. 
Avoidance of undesired sheet skewing during feed- 
ing, and maintaining proper registration and non-slip 
feed timing of sheets is also important Misregistra- 
tion, especially skewing, can adversely affect further 
feeding, ejection, and/or proper stacking of the 
sheets, even with slower copying rate copiers. Cus- 
tomers expect copy sheets to exit cleanly, without 
jamming, and stack neatly. 

Disclosed herein is a sheet feeding and corrugat- 
ing system for image substrate sheets of a reproduc- 
tion apparatus, wherein the sheets are fed in a normal 
path through a sheet feeding nip comprising plural, 
spaced, sheet feeding rollers, the system including 
means for both feeding and variably corrugating flim- 
sy or stiff sheets comprising: spherical balls freely 
mounted in generally vertical ball retainers providing 
for vertical movement and dual axis rotation against 
said sheet feeding rollers to define said sheet feeding 
nip; additional spherical balls in additional generally 
vertical ball retainers positioned intermediately of 
said sheet feeding rollers for engagement of a sheet 
in said nip with said additional balls; said additional 
spherical balls being unsupported vertically except by 
said additional ball retainers having bottom retainers 
preventing said additional balls from dropping fully 
out of the bottom of said additional ball retainers, so 
that said unsupported additional balls are rolling grav- 
ity loaded by the weight of said additional balls 
against a sheet being fed through said sheet feeding 
nip to provide intermediate sheet corrugation forces 
with the extent of sheet corrugation varying automat- 
ically with the stiffness of the sheet being fed. 

Further specific features of the system disclosed 
herein, individually or in combination, include those 
wherein the maximum extent of sheet corrugation is 
limited by said bottom retainers; and/or wherein said 
additional balls mounted in said additional ball retain- 
ers are freely lif table therein up to substantially the 
level of said nip by stiff sheets resisting corrugation 
to provide self-limiting of stiffer sheets corrugation 
and no substantial resistance to sheet feeding; and/or 
wherein said additional ball retainers provide for read- 
ily independently adding or removing said additional 
spherical balls therein, to independently increase or 
decrease the sheet corrugation force at those respec- 
tive locations transverse said nip; and/or further in- 
cluding a sheet side shifting mechanism for laterally 
offsetting the sheets from said normal path through 
said nip so as to eject the sheets from said nip offset 
from said normal path, comprising moving said sheet 
feeding rollers relative to said normal path without re- 
sistance from said spherical balls or said additional 
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spherical balls, alt of which balls roll freely laterally as 
well as roiling freely in said normal path direction. 

In the description herein the term "sheet" refers 
to a usually flimsy sheet of paper, plastic, or other 
such conventional individual image substrate. The s 
"copy sheet" may be abbreviated as the "copy". A 
"job" is a set of related sheets, usually a collated copy 
set copied from a set of original document sheets or 
electronic page images from a particular user or 
otherwise related. 10 

As to specific hardware components of the sub- 
ject apparatus, or alternatives therefor, it will be ap- 
preciated that, as is normally the case, some such 
specific hardware components are known per se in 
other apparatus or applications which may be addi- 15 
tionally or alternatively used herein, including those 
from art cited herein. 

Byway of example only, embodiments of the in- 
vention will be described with reference to the accom- 
panying drawings, in which:- 20 
Fig. 1 is a top view of one embodiment of the in- 
vention; 

Fig. 2 is a frontal elevattonal view of the embodi- 
ment of Fig. 1 showing its corrugation and feed- 
ing of a normal (thin) sheet; 25 
Fig. 3 shows the same apparatus in the same 
view as Fig. 2, but showing uncorrugated feeding 
of a very stiff sheet; 

Fig. 4 is a partial front elevational view of a si mi lar 
but alternative embodiment shown providing se- 30 
lective automatic side shifting of a sheet in the 
feeding nip for offset stacking of sheets; and 
Fig. 5 is a top view of the embodiment of Fig. 4. 
An exemplary sheet feeding and corrugation sys- 
tem 10 is shown in Figs. 1-3, and a similar system 40 35 
is shown in Figs. 4-5. Only the sheet feeders 10 and 
40, perse, need be illustrated, since they would nor- 
mally be at one end or side of a printer or copier, which 
is otherwise conventional, or in an otherwise conven- 
tional sorter or interface module, and thus not requir- 40 
ing further illustration or discussion here. 

A transparency sheet 12 (or other thin sheet) is 
shown in Figs. 1 and 2 being fed by feeder system 1 0 
to an exemplary output bin or tray 14, (partially shown 
in Fig. 1). Amuch stiffer sheet 16 is shown being sim- 45 
ilarly fed by the same system in Fig. 3. The exemplary 
four (it could be more or less) spaced apart sheet 
feeding nips 20 here are defined by four identical con- 
ventional foam rubber f rictional sheet feeding rollers 
22 under the sheet path, driving the bottom of the so 
sheet m the nip. The feed rollers 22 may be as shown, 
all conventionally mounted [or may be semi- 
independently pivotaliy mounted as discussed below] 
on a common feed shaft 23 with conventional slidable 
end bearings, which shaft 23 is rotatably driven by a 55 
motor "M". As shown most clearly in Fig. 3, these nips 
20 here may all desirably be (and remain) in the same 
plane, with the feed rollers 22 remaining same basic 


diameter (with little or no deformation) for consistent 
feeding surface velocities. 

The opposing members forming the other (op- 
posing) sides of the sheet feeding nips 20 here are 
metal or other weighted spherical balls 24, riding on 
top of the rollers 22 to provide the nip 20 normal force. 
That is constantly provided, since the balls 24 are free 
to move vertically within generally vertical cylindrical 
ball retaining tubes 26 of a slightly larger interior di- 
ameter than the balls 24, and providing low friction 
relative to the balls 24. These retainer tubes 26 pro- 
vide lateral confinement but free vertical movement 
and free rotation. They are open at their tops 27 and 
bottoms. However, the bottoms of the ball retainer 
tubes 26 have and are defined by reduced internal di- 
ameter retaining lips or seats 28 so that the balls 24 
can extend up to nearly half-way out of the bottoms 
of the tubes 26, but not drop any further (not fall out). 
The orientation of the components is such that the 
balls 24 are not normally ever seated on these seats 
or lips 28, they are normally riding on top of the outer, 
feeding, surfaces of their respective feed rollers 22 at 
all times. Note that these balls 24 do not provide cor- 
rugation, they provide feeding normal force for their 
mating feed rollers 22. They do, however, allow for lat- 
eral sheet movements caused by sheet corrugation in 
the same nip. 

As also shown, similar or identical plural balls 30 
are similarly mounted in similar retaining tubes 31 
with open tops. However, these are located interme- 
diately of, and alternating with, the rollers 22 and balls 
24, approximately equidistantly between the nips 20. 
These other balls 30 do not form any feeder' nips. 
They are not opposed by any rollers or other sup- 
ports. (Furthermore, if desired, the bottom retaining 
lips or seats 32 of these tubes 31 may be lower than 
the retainer seats 28 of tubes 26.) Thus, unresisted 
movement of the balls 30 by gravity is allowed down 
within tubes 31 to about 3mm or so below the plane 
of the nips 20 defined by rollers 22 and balls 24. This 
allows each of the balls 30 to independently weigh 
down its area of the sheet 12 between nip areas and 
plurally or "wave" corrugate the sheet 1 2, as shown 
in Fig. 2. Yet, the balls 30 are readily pushed up within 
their respective retainertubes 31 by a stiff sheet such 
as 16 resisting (and not needing) corrugation, as 
shown in Fig. 3. 

Turning now to the embodiment 40 of Figs. 4 and 
5, it is only slightly different, so only the differences 
need be noted here. Here, the drive shaft 41 is slightly 
axratly shtftabie by a solenoid 42 when a sheet is in 
the nip to provide desired lateral sheet offsetting, 
e.g., about 2cm or 25mm transverse the sheet feed- 
ing output path through the nip. Note the illustrated 
movement arrows. To maintain the feed nip during 
such side shifting, slightly wider feed rollers 44 may 
be provided as compared to the feed rollers 22 of the 
other Figures. 
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It is important to note that only the shaft 41 and 
rollers 44 need move for side shifting. All the balls 24 
and 30 and their retainers 26 and 31 can be the same, 
and remain stationary, just as in the system 10. Since 
all the balls freely rotate in any direction, they do not 5 
resist this side shifting of the feed rollers 44 or the 
sheet shifted therewith. Normal forces for feeding 
and corrugation by the balls 24 and 30 are not inter- 
rupted either. Thus, as shown in Fig. 4 and 5, selected 
side shifting can be provided simply by a simple sol- 10 
enoid 42 axially moving that shaft 41 by the amount 
desired to offset the output ted job stacks, e.g., about 
2 cm or 25 mm. 

In both embodiments 10 and 40, it will be gener- 
ally noted, since all the idlers are all ball rollers, that is 
no idler shaft, idler rollers, idler shaft floating end 
bearings, spring loadings, or idler shaft alignment re 
the drive rollers or drive shaft is required, yet the nor- 
mal force required to form a feeding nip is provided. 
Since the balls are free to roll laterally as well as for- 20 
ward, unlike rollers, this also means that no idler roll- 
ers or idler shaft translation is required to allow sheet 
output to be laterally side shifted for lateral job offset- 
ting. Only the single shaft of the drive (feed) wheels 
needs to be slightly lateral shifted [or pivoted]. 25 

Note, in contrast, as to other side shifting sys- 
tems, U.S. patents 4,71 2,786; 4,916,493; 5S,273,274 
and 4,977,432. Details of side shifting mechanisms 
disclosed therein may, in part, be incorporated and/or 
alternatively used here to the extent consistent with 30 
the present system. 

By way of further background re other known and 
alternative prior side shifting systems for offsetting 
which can be substantially improved with the present 
system, some parts of the Gradco Japan Inc. "Midi- 35 
II" sorter (sold for several years) are in common with 
those Xerox Corporation "5775" color digital copiers 
which are equipped with sorters. The Midi-ll has job 
set offsetting in which, as understood, the sheet off- 
setting is by automatically slightly pivoting the sheet 40 
exit feed rollers from their normal position, for alter- 
nate jobs. This is accomplished by having each feed 
roller independently mounted to the common drive 
shaft on a semi-spherical bearing (known per se) 
which allow the feed rollers to be tilted (rotated) non- 45 
perpendicularly to their drive shaft, yet still be rotat- 
ably driven by that drive shaft. Titling or steering the 
feed rollers axes is accomplished by "U" shaped 
yokes. Each side of each yoke closely engages and 
holds opposing lower side surfaces of one feed roller. so 
Each yoke is pivotable about a vertical central axis by 
a solenoid, which is connected (ganged) to pivot all 
the yokes together by the same amount. This pivots 
all the feed wheels together. That is done when a 
sheet is well into the nip, and it causes the sheet to 55 
feed somewhat transversely to its normal feed direc- 
tion, and thus eject and stack in a slightly offset for- 
ward position from that of a normal feed path (which 


is with the feed rollers fully perpendicular their drive 
shaft). By operating this yoke feed wheel pivoting sys- 
tem automatically for every other (alternate) job sheet 
set, plural jobs can be offset from one another in ad- 
jacent output bins of the sorter. Alternatively, if all jobs 
are being stacked in the (higher capacity) top (open) 
bin, each commonly stacked job set there will be al- 
ternately slightly offset from the next job, for ease of 
job separation and removal. 

Another desirable feature of the illustrated sys- 
tems 10 and 40 herein is that additional corrugation 
normal force, and/or additional feed wheel engage- 
ment normal force for more positive (non-slip) sheet 
feeding, is easily added at any time, and variably, at 
any desired point transverse the feed path, simply by 
dropping in an additional and/or more heavily weight- 
ed ball 24 and/or 30 into the open top of the particular 
vertical ball retaining tube for which additional normal 
force is desired. For example, this may be done to add 
more feeding force near one end or side of the paper 
path through the nips than the other, e.g., for oversize 
paper, or to add more corrugation centrally of a sheet 
than at the ends. Alternately, some or all of the balls 
30 can be selectively removed to remove corrugating 
forces in selected areas. 

To recapitulate, the balls 30, which are unsup- 
ported by the drive rollers 22 or 44, act as idlers which 
simply sit on the paper with gravity and freely roll 
around with little or no resistance as the paper goes 
through the nips. The vertical distance from the bot- 
tom of the balls 30 in their lowest position (defined by 
bottom retainers 32) to the tops of the feed rollers 22 
or 44 is about 3 mm in this example. These idler balls 
are heavy enough that with most commonly run pa- 
pers and transparencies, they will drop down almost 
this full 3 mm, thereby producing maximum corruga- 
tion and beam strength in the sheet. In contrast, when 
very stiff paper is going through, as in Fig. 3, the balls 
30 will be pushed up by the sheet so that they are on 
virtually the same plane as the tops of the rollers 22 
or 44. This will impart virtually no corrugation to the 
sheet. That is, the minimum corrugation plane is de- 
fined by the surfaces of the alternating adjacent drive 
rollers that the other (restrained) normal force balls 
24 ride on. Thus, here the minimum sheet corrugation 
is approximately zero for very stiff papers, and the 
maximum corrugation is about 3mm for most normal 
papers and transparencies, and varies for sheets 
varying therebetween in stiffness. 

A particular advantage of these disclosed sys- 
tems 10,40 is improved feeding of transparencies or 
other difficult sheets into output or sorter trays with 
a simple and low cost modification of existing hard- 
ware. Existing nip hardware of foam rubber covered 
drive rollers, which drive against the underside of a 
copy sheet, and its drive motor system, may all be re- 
tained. However, prior noncorrugating exit nips are 
desirably replaced with this corrugating nip. Here, all 
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top rollers are replaced with free floating balls. In ex- 
isting nip configurations employing spring loaded id- 
ler rollers on drive rollers to define the nips to feed the 
copy sheets into the trays, these idler rollers and 
springs can be readily replaced with the subject balls- 
on-roller nips, plus the disclosed additional balls 30 
added here to force the sheet down between each of 
the drive rollers for corrugating the sheet. All of the nip 
force is provided by the weight of the nip balls 24 
against the drive rollers plus the weight of the addi- 
tional unnipped balls 30 between each drive roller 
(which also corrugate the sheet). Yet, since all the 
balls are free to rotate in any direction, all axial resis- 
tance is eliminated, allowing even a corrugated sheet 
to offset as desired or intended. Corrugation here is 
only by freely vertically movable unsupported balls 
providing self-limiting sheet corrugators. 

As noted, the solely balls-on-and-between- 
rollers system here also minimizes resistance to 
sheet lateral off-setting, which especially desirable in 
limited spaces or short feeding paths. By using free- 
rotating balls to provide both the nip force and corru- 
gation, instead of rollers, offsetting sheets into sorter 
or other trays is greatly simplified. One such form of 
sheet offsetting, discussed above, can be provided 
by pivoting the drive rollers themselves relative to the 
paper path. This in turn drives the sheet forward but 
at a slight transverse angle, providing about, e.g., 25 
mm of desired sheet offset. Another sheet offsetting 
technique is shifting the drive rollers axles axially, as 
shown in Figs. 4 and 5 here, also discussed above. 
Adding idler rollers for corrugation would induce too 
much resistance or drag force on the sheet to this lat- 
eral sheet offsetting motion in any such system, and 
reduced offsetting to an unacceptable level (less than 
approximately 10mm). 

The present system virtually eliminates lateral re- 
sistance during feed wheel offsetting, and may also 
somewhat reduce feed nip resistance to corrugating 
compared to idler rollers defining the nips. That is, the 
ball7nip decrease in lateral sheet movement resis- 
tance vis a vis idler roller nips can be desirable just for 
corrugating, since even corrugating without side 
shifting may require some lateral movement of parts 
of the sheet, especially at the outerfeed nips. The cor- 
rugation itself "shrinks" the effective transverse 
sheet dimension to some extent, i.e., the relative 
width of the sheet changes slightly with corrugation. 
Thus, substantial sheet corrugation itself may re- 
quire, or be enabled by, some lateral movement of the 
sheet in the feeding nips, especially the outside-most 
nips. [Or, the feed rollers may also be designed to flex 
slightly during sheet corrguation.] However, the frio 
tional surface of the feed wheels themselves, and 
their transverse spacing, will prevent undesired later- 
al sheet movement or skewing. 

Another significant advantage and feature of the 
disclosed systems is that they also allow job set ejec- 


tion of stapled or unstapled sets of plural sheets from 
an upstream set compiler via the same feed nip. 
These thick sets cannot be corrugated, and thus 
heretofore were not appropriate forfeeding or ejecting 
5 via a feeder nip optimized for feeding thin single 
sheets with corrugation. 


Claims 

10 

1. A sheet feeding and corrugating system for im- 
age substrate sheets (12,16) of a reproduction 
apparatus, wherein the sheets are fed in a normal 
path through a sheet feeding nip comprising plu- 

15 ral, spaced, sheet feeding rollers (22), the system 

including means for both feeding and variably 
corrugating flimsy or stiff sheets comprising: 

spherical balls (24) freely mounted in gen- 
erally vertical ball retainers (26) providing for 

20 vertical movement and dual axis rotation against 

said sheet feeding rollers to define said sheet 
feeding nip; 

additional spherical balls (30) in additional 
generally vertical ball retainers (31) positioned in- 

25 termediately of said sheet feeding rollers for en- 

gagement of a sheet in said nip with said addition- 
al balls; 

said additional spherical balls being un- 
supported vertically except by said additional ball 

30 retainers having bottom retainers (32) preventing 

said additional balls from dropping fully out of the 
bottom of said additional ball retainers, so that 
said unsupported additional balls are rolling grav- 
ity loaded by the weight of said additional' balls 

35 against a sheet being fed through said sheet 

feeding nip to provide intermediate sheet corru- 
gation forces with the extent of sheet corrugation 
varying automatically with the stiffness of the 
sheet being fed. 

40 

2. A sheet feeding and variable corrugating system 
as claimed in claim 1, wherein the maximum ex- 
tent of sheet corrugation is limited by said bottom 
retainers, and wherein said additional balls 

45 mounted in said additional ball retainers are free- 

ly liftable therein up to substantially the level of 
said nip by stiff sheets (16) resisting corrugation 
to provide self-limiting of stiffer sheets corruga- 
tion and no substantial resistance to sheet feed- 
so ing. 

3. A sheet feeding and variable corrugating system 
as claimed in claim 1 or claim 2 f wherein said ad- 
ditional ball retainers provide for readiiy indepen- 

55 dently adding or removing said additional spheri- 

cal balls therein, to independently increase or de- 
crease the sheet corrugation force at those re- 
spective locations transverse said nip. 
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4. A sheet feeding and variable corrugating system 
as claimed in any one of claims 1 to 3, further in- 
cluding a sheet side shifting mechanism for lat- 
erally offsetting the sheets from said normal path 
through said nip so as to eject the sheets from 5 
sard nip offset from said normal path, comprising 
means for moving said sheet feeding rollers rela- 
tive to said normal path without resistance from 
said spherical balls or said additional spherical 
balls, all of which balls roll freely laterally as well 10 
as rolling freely in said normal path direction. 
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